Key Summary Points {#FPar1}
==================

**Why carry out this study?**Anti-glycaemic therapies aim to prevent microvascular and macrovascular complications to increase life expectancy and improve quality of life. To this end, cost-effectiveness analysis using practical outcome data on antidiabetic drugs offers valuable information.The CARMELINA trial was a long-term clinical study of the dipeptidyl peptidase 4 (DPP4) inhibitor linagliptin in patients with type 2 diabetes that confirmed the noninferiority of linagliptin plus standard of care (SoC) versus SoC for 3-point major adverse cardiovascular events.Data from the Asian subpopulation of the CARMELINA trial were considered appropriate to evaluate the cost-effectiveness of linagliptin added to SoC in patients with type 2 diabetes in Japan with estimated lifetime outcomes. The present analysis also investigated uncertainty resulting from conducting cost-effectiveness analysis with data from a noninferiority study.**What was learned from this study?**Overall, the results were favourable for linagliptin plus SoC, but the possibility of large incremental cost-effectiveness ratio (ICER) variations for each parameter resulting from the noninferiority trial data source mean that the data must be interpreted with caution.The probabilistic sensitivity analysis showed that the probability of reduced costs and increased effectiveness (dominant) was 48%.Assuming an ICER threshold of 5 million yen, the probability that the ICER was below the threshold was 89% for linagliptin plus SoC compared with SoC.

Introduction {#Sec1}
============

Of the microvascular and macrovascular complications associated with diabetes \[[@CR1]\], cardiovascular (CV) diseases are of particular importance. The risk of developing CV diseases is two- to threefold that of people without diabetes \[[@CR2]\] and CV death is a major cause of mortality in Japanese patients with diabetes \[[@CR3]\]. The ultimate goal of anti-glycaemic therapy for diabetes is to prevent microvascular and macrovascular complications to increase life expectancy and quality of life (QoL) and to reduce medical costs \[[@CR4], [@CR5]\]. Therefore, it is important to include diabetic complications in cost-effectiveness analyses to estimate lifetime outcomes in diabetes.

Dipeptidyl peptidase 4 (DPP4) inhibitors are administered to approximately 70% of patients receiving diabetes treatment in Japan and, in recent years, have become the first-line drug in Japanese patients with type 2 diabetes (T2D) \[[@CR6]\]. The CARMELINA trial \[[@CR7]\] was a long-term clinical study of the DPP4 inhibitor linagliptin in adult patients with T2D who were at high risk of CV and kidney events, and confirmed the noninferiority of linagliptin versus placebo for the primary endpoint (3-point major adverse CV event \[3P-MACE\]) when added to standard of care (SoC) \[[@CR7]\].

The Asian subpopulation of the CARMELINA trial included 555 Asian patients living in Asia who were evaluated for their risk of CV and kidney events \[[@CR8]\]. Data from the subgroup analysis of the CARMELINA trial were considered appropriate to perform a cost-effectiveness analysis in Japan using clinical CV and kidney outcome data, despite the fact that the analysis of the Asian subpopulation was a subgroup analysis and the sample size was not powered to detect statistical significance for the effect on each endpoint.

An economic model was developed, which extrapolated the outcomes of patients receiving linagliptin plus SoC compared with SoC in the Japanese clinical setting over the patients' remaining lifetime. The availability of quantitative outcome data allows this model to rely exclusively on observed event rates, rather than estimating event rates from extrapolated changes in biomarker values (e.g. glycated haemoglobin).

The objective of the present analysis was (1) to evaluate the cost-effectiveness of linagliptin added to SoC in Japan with estimated lifetime outcomes from the perspective of a public healthcare payer, using data from the CARMELINA Asian subgroup analysis in patients with T2D, and (2) to investigate issues, including uncertainty, resulting from conducting a cost-effectiveness analysis using the data from a noninferiority study.

Methods {#Sec2}
=======

This article is based on previously conducted studies and does not contain any studies with human participants or animals performed by any of the authors.

Model Structure and Analytical Methods {#Sec3}
--------------------------------------

Using TreeAge Pro Version 2019 R2.1 (Boston, MA, USA), a microsimulation model was developed and a base case analysis was performed to assess the cost-effectiveness of linagliptin plus SoC compared with SoC, as per the two patient groups included in the CARMELINA trial (ClinicalTrials.gov NCT01897532) \[[@CR7], [@CR8]\].

The six-step simulation process using the microsimulation model is shown in Fig. [1](#Fig1){ref-type="fig"}. The microsimulation model was used to simulate the process of repeated experiences of multiple events. Microsimulation tracks patients at an individual level and therefore can take into account the impact of each individual medical history and time spent; additionally, using endpoint data from an outcomes trial, the microsimulation model allows estimation of cost-effectiveness beyond the trial follow-up period to a lifetime horizon. According to the International Society for Pharmacoeconomics and Outcomes Research--Society for Medical Decision Making modeling task force, a microsimulation model enables the estimation of the long-term impact of intervention for people with T2D \[[@CR9]\]. Furthermore, the United Kingdom Prospective Diabetes Study (UKPDS) regression model, which is widely used for cost-effectiveness analysis for antidiabetic drugs, was also constructed on the basis of a microsimulation model \[[@CR10]\]. An analysis cycle of 1 month was chosen to minimise the influence of competing risks occurring when multiple events were simultaneously considered and quality-adjusted life years (QALYs) were used as an effectiveness measure. The time horizon was defined as a lifetime. Only direct medical costs were included and the discount rate for costs and effectiveness was 2% per year. The analyses were conducted according to current Japanese guidelines for cost-effectiveness evaluations \[[@CR11]\].Fig. 1Microsimulation flow. (i) 10,000 simulated patients were created for each treatment. (ii) The incidence rate of each event (nonfatal myocardial infarction, nonfatal stroke, hospitalisation due to unstable angina, hospitalisation due to heart failure, albuminuria progression, renal failure, and CV death) was estimated, according to the medical history and treatment of each patient, on the basis of the results from the CARMELINA Asian subpopulation analysis. (iii) The occurrence/non-occurrence of an event in each cycle was simulated on the basis of the risk for each event. (iv) The medical history of each patient was updated. Processes (ii)--(iv) were repeated until a fatal event occurred in the simulated patients. (v) The costs and events of each simulated patient were recorded throughout their lifetime. (vi) The average cost and event rates were compared between the linagliptin plus SoC group and SoC group. *CV* cardiovascular, *SoC* standard of care

Modelling Cohort {#Sec4}
----------------

The present analysis used data from the Asian subpopulation (*n* = 555) included in the CARMELINA trial \[[@CR7], [@CR8]\]; patients were from Japan, China, South Korea, Taiwan, and Malaysia, and self-identified as being of Asian race \[[@CR8]\]. During a 2.2-year median follow-up period, linagliptin treatment had a neutral cardiorenal profile and was not found to be associated with 3P-MACE in Asian patients, with a similar event occurrence rate in linagliptin plus SoC- and SoC-treated patients (10.7% and 11.7%, respectively; hazard ratio \[HR\] 0.90; 95% confidence intervals \[CI\] 0.55--1.48). Linagliptin was associated with a nominal decrease in the risk of hospitalisation for heart failure (HR 0.47; 95% CI 0.24--0.95) \[[@CR8]\].

Parameters {#Sec5}
----------

### Clinical Parameters {#Sec6}

The mean age of the Asian subpopulation in the CARMELINA study used for the present analysis was 65 years. The incidence of events included in this analysis (nonfatal myocardial infarction, nonfatal stroke, hospitalisation due to unstable angina, hospitalisation due to heart failure, albuminuria progression, renal failure, and CV death) was reported as event incidence per month. This was calculated from the events observed in the analysis of the Asian subgroup of the CARMELINA trial \[[@CR8]\] using the person-year (PY) method.

To estimate the risk for each event, the baseline event risk was estimated from the data of the SoC group using data from the CARMELINA Asian subgroup analysis (Table [1](#Tab1){ref-type="table"}). The event risk for linagliptin was estimated by multiplying the event risk calculated for the SoC group by the HR observed for the linagliptin/SoC group in the CARMELINA Asian subgroup analysis.Table 1Event risk settingEvent riskValuesEvent risk of SoC (event number/PY)HR for linagliptin plus SoC (95% CI)Nonfatal myocardial infarction19/608.10.87 (0.45, 1.69)Nonfatal stroke10/610.90.60 (0.22, 1.66)Hospitalisation for unstable angina3/614.30.68 (0.11, 4.07)Hospitalisation for heart failure23/596.30.47 (0.24, 0.95)Albuminuria progression63/245.70.95 (0.66, 1.36)Renal failure14/612.50.58 (0.24, 1.39)CV death13/622.50.70 (0.30, 1.64)*CI* confidence interval, *CV* cardiovascular, *HR* hazard ratio, *PY* person-year, *SoC* standard of care

Additionally, this analysis attempted to evaluate how the risk of subsequent CV or kidney events would be increased in the lifetime simulation. To estimate the effect of medical history on the risk of a subsequent CV or kidney event, the regression coefficient, which was estimated from a previously published cost-effectiveness analysis in Japan using data from another Asian subgroup analysis of a CV outcome trial \[[@CR12]\], was converted to an HR for use in this analysis. Supplementary Table S1 presents the assessment of the increased risk of an event due to a medical history of events included in this analysis.

### Cost Parameters {#Sec7}

The present analysis was performed from the perspective of the public healthcare payer, using only direct medical costs, including patient co-payments (reported in yen). The drug cost of linagliptin was set according to the National Health Insurance Drug Price List at the time of analysis, and the treatment costs for each event were obtained from a previous study \[[@CR12]\].

The treatment costs for each event were estimated on the basis of the results calculated from data in the EBM Provider^®^---a Japanese Claims database provided by Medical Data Vision Co., Ltd.---in a previously published cost-effectiveness analysis in Japan \[[@CR12]\] (Supplementary Table S2). For the costs associated with renal failure, only dialysis was considered. This analysis did not take into account the impact of the medical payment system revision rate that was implemented every other year in Japan because the difference in the medical payment rate between that used in this analysis \[[@CR12]\] and the 2018 implementation was only + 0.55%, and the impact on the results was negligible. The cost of SoC was not considered because SoC treatment was received by both groups in the CARMELINA trial.

### Utility Parameters {#Sec8}

The QALYs of linagliptin added to SoC or SoC alone were estimated by subtracting the disutility of the occurrence of each event during the time horizon from the QALYs calculated by accumulating baseline utility weights of patients included in the analysis. The baseline utility weight and the disutility at the occurrence of each event were obtained from a previously published analysis using the EuroQol 5-dimension 3-level (EQ-5D-3L) measure of health value in an American civilian population \[[@CR13]\]. This study did not include the decrease in utility with hospitalisation for unstable angina and therefore this was assumed to be the same as that for nonfatal myocardial infarction (Supplementary Table S2).

### Sensitivity Analysis {#Sec9}

The impacts of uncertainty and variability around the model inputs were tested using a one-way sensitivity analysis series and a probabilistic sensitivity analysis. To evaluate the magnitude of the effect of each parameter on the analysis results, a one-way sensitivity analysis was performed. To display the results of the one-way sensitivity analysis pictorially, a tornado diagram was constructed using each parameter. The range of change in each parameter was 0--4% for the discount rate and ± 20% of default values for other parameters with the associated 95% CI, when available.

In addition, a probabilistic sensitivity analysis was performed with 10,000 Monte Carlo simulations in 10,000 patients to evaluate the uncertainty of the results. The stochastic parameters and utility parameters were assumed to have a beta distribution, the ratio data (HR) were assumed to be logarithmically normally distributed, and the cost parameters were assumed to have a gamma distribution \[[@CR14]\].

A sensitivity analysis was conducted on the base case analysis to consider the effects of increased event risk due to medical history, as these factors will result in a conservative estimate for linagliptin.

### Scenario Analysis {#Sec10}

To evaluate the impact of using the point estimates of HR data, which were not tested for statistical significance, a scenario analysis was performed in cases where the HR of linagliptin on each event was set to 1.0 and where the costs for renal failure were assumed to be 0 yen.

A scenario analysis was conducted on the base case analysis considering medical history for the same reasons as the sensitivity analysis.

Results {#Sec11}
=======

Base Case Analysis According to Event Risk Increase due to Medical History {#Sec12}
--------------------------------------------------------------------------

This analysis aimed to evaluate how the risk of the subsequent CV and renal events would be increased, causing multiple events in the lifetime simulation. Accounting for effects of the increased risk of related events due to medical histories, the expected QALYs per study patient was 7.09 QALYs for linagliptin plus SoC and 5.75 QALYs for SoC. Hence, the incremental effectiveness of linagliptin was expected to be 1.34 QALYs (Table [2](#Tab2){ref-type="table"}). The cost per study patient was 14,192,428 yen for linagliptin/SoC and 14,737,747 yen for SoC, leading to an incremental cost for linagliptin of − 545,319 yen.Table 2Base case analysis when the effects of increased risk of related events due to medical histories were/were not consideredLifetime cost (yen)Incremental costs (yen)QALYsQALYs gainedICER (yen/QALYs)Medical history considered SoC14,737,747--5.75---- Linagliptin plus SoC14,192,428− 545,3197.091.34DominantMedical history not considered SoC14,304,557--9.57---- Linagliptin plus SoC10,257,312− 4,047,24610.260.69Dominant*ICER* incremental cost-effectiveness ratio, *QALYs* quality-adjusted life years, *SoC* standard of care

Conversely, when the effects of increased risk of related events due to medical histories were not considered (Table [2](#Tab2){ref-type="table"}), the expected QALYs per study patient was 10.26 QALYs for linagliptin plus SoC and 9.57 QALYs for SoC, resulting in an expected incremental effectiveness for linagliptin of 0.69 QALYs. The cost per study patient was 10,257,312 yen for linagliptin plus SoC and 14,304,557 yen for SoC, and the incremental cost for linagliptin was − 4,047,246 yen.

In Table [3](#Tab3){ref-type="table"} and Fig. [2](#Fig2){ref-type="fig"}a, b, the cost analysis showing costs for each medical event in the two treatment groups is presented with and without consideration of the increased event risk due to medical history. The cost associated with renal failure (cost of dialysis) accounted for a large proportion of the estimated lifetime cost. The cost of dialysis was 11,238,312 yen for linagliptin plus SoC and 11,409,876 yen for SoC when the effects of increased risk due to medical histories were considered. In comparison, when the effects of increased risk due to medical histories were not considered, the cost for renal failure (dialysis cost) was 8,316,517 yen for linagliptin plus SoC and 12,638,256 yen for SoC.Table 3Breakdown of costs considering/not considering the increased risk due to medical historyCost (yen)SoCLinagliptin plus SoCMedical history considered Drug cost^a^NA567,107 CV death1,129,847938,361 Renal failure11,409,87611,238,312 Albuminuria progression00 Hospitalisation for heart failure1,655,472966,711 Hospitalisation for unstable angina29,80730,254 Nonfatal stroke331,431259,619 Nonfatal myocardial infarction181,314192,064Medical history not considered Drug cost^a^NA815,879 CV death469,480349,250 Renal failure12,638,2568,316,517 Albuminuria progression00 Hospitalisation for heart failure556,624284,082 Hospitalisation for unstable angina48,60038,007 Nonfatal stroke310,023196,019 Nonfatal myocardial infarction281,574257,558*CV* cardiovascular, *NA* not applicable, *SoC* standard of care^a^2019 linagliptin prices were usedFig. 2Breakdown of costs considering (**a**) and not considering (**b**) the increased risk due to medical history. *CV* cardiovascular, *SoC* standard of care

Sensitivity Analyses {#Sec13}
--------------------

The one-way sensitivity analysis (Supplementary Table S3) demonstrated that the parameter which most affected the analysis results was the HR for renal failure of linagliptin plus SoC compared with SoC (Fig. [3](#Fig3){ref-type="fig"}). The probabilistic sensitivity analysis showed that the probability of increased costs and increased effectiveness was 43%, and the probability of reduced costs and increased effectiveness (dominant) was 48% (Fig. [4](#Fig4){ref-type="fig"}). In addition, the probability that the gained QALYs adopted a negative value was 9%, and the probability of increased costs was 43%. In the case where the increased cost of linagliptin was excluded, the probability of increased costs was 41%. Assuming an incremental cost-effectiveness ratio (ICER) threshold of 5 million yen \[[@CR15]\], the probability that the ICER was below the threshold was 89% for the linagliptin plus SoC group compared with the SoC group.Fig. 3One-way sensitivity analysis. The central vertical line in this tornado diagram represents the base case value. The blue bar shows the result when the parameter used a high value, and the red bar when changed to a low value. The comparator was SoC. Renal failure had the greatest effect on the results of the analysis. *CV* cardiovascular, *HR* hazard ratio, *ICER* incremental cost-effectiveness ratio, *QALY* quality-adjusted life year, *SoC* standard of careFig. 4Probabilistic sensitivity analysis. The red line shows the reference value of the ICER in Japan set at 5 million yen/QALY. The red dot shows the ICER in the base case analysis. The probability of linagliptin plus SoC being considered as cost-effective (ICER \< 5 million yen) was 89% compared with the SoC group. *ICER* incremental cost-effectiveness ratio, *QALY* quality-adjusted life year, *SoC* standard of care

Scenario Analyses {#Sec14}
-----------------

The ICER of linagliptin plus SoC compared with SoC was 3,481,897 yen/QALY. This increased when analysed with the HR for renal failure of linagliptin plus SoC set as 1.0 (Table [4](#Tab4){ref-type="table"}**)**.Table 4Scenario analysisLifetime cost (yen)Incremental costs (yen)QALYsQALYs gainedICER (yen/QALYs)When the HR of linagliptin for nonfatal myocardial infarction was set to 1.0 SoC14,737,747--5.75---- Linagliptin plus SoC14,256,418− 481,3297.081.33DominantWhen the HR of linagliptin for nonfatal stroke was set to 1.0 SoC14,737,747--5.75---- Linagliptin plus SoC14,119,075− 618,6727.011.26DominantWhen the HR of linagliptin for hospitalisation for unstable angina was set to 1.0 SoC14,737,747--5.75---- Linagliptin plus SoC14,214,917− 522,8297.081.33DominantWhen the HR of linagliptin for hospitalisation for heart failure was set to 1.0 SoC14,737,747--5.75---- Linagliptin plus SoC14,763,95626,2096.911.1622,521When the HR of linagliptin for macroalbuminuria was set to 1.0 SoC14,737,747--5.75---- Linagliptin plus SoC14,267,341− 470,4067.061.31DominantWhen the HR of linagliptin for renal failure was set to 1.0 SoC14,737,747--5.75---- Linagliptin plus SoC19,132,6194,394,8727.011.263,481,897When the HR of linagliptin for CV death was set to 1.0 SoC14,737,747--5.75---- Linagliptin plus SoC10,975,501− 3,762,2456.080.34DominantCost of renal failure = 0 SoC3,327,871--5.75---- Linagliptin plus SoC2,954,116− 373,7547.091.34Dominant*CV* cardiovascular, *HR* hazard ratio, *ICER* incremental cost-effectiveness ratio, *QALYs* quality-adjusted life years, *SoC* standard of care

Discussion {#Sec15}
==========

The present study is a cost-effectiveness analysis for CV and renal event risk associated with treatment with linagliptin in addition to SoC in patients with T2D, based on the Asian subpopulation in the CARMELINA trial \[[@CR8]\]. The use of data from a clinical noninferiority trial to perform a T2D cost-effectiveness study has previously been reported; an evaluation of medical resource usage associated with sitagliptin plus SoC versus SoC in the USA was based on the TECOS noninferiority trial \[[@CR16]\].

We conducted two scenarios in the base case analysis, in which the first considered the effects of increased event risk due to medical history which might lead to a conservative estimate for linagliptin, while the second did not consider these factors. In both base case analyses using only point estimates of the CARMELINA trial results, treatment with linagliptin plus SoC was dominant compared with treatment with SoC. The difference in estimated costs between linagliptin plus SoC and SoC when considering the impact of increased risk of subsequent CV and kidney events in the lifetime simulation was smaller than the one without considering them. This could be attributable to the increased life years, which led to the increase in the contribution of renal failure, including dialysis, to the medical costs estimated with linagliptin plus SoC.

Of note, the CARMELINA Asian subpopulation analysis showed a nominally reduced risk of hospitalisation for heart failure when linagliptin was added to SoC \[[@CR8]\]. This cost-saving feature could be one factor offsetting linagliptin treatment costs.

Previous cost-effectiveness analyses, in the USA and Europe, have commonly used a model where the development of diabetic complications is predicted on the basis of the UKPDS \[[@CR10]\] to analyse cost-effectiveness over the lifetime horizon in diabetes, as measured by the ICER \[[@CR17]\]. It is important to note that the model used in this study predicts clinical event rates exclusively using hard outcomes data from the CARMELINA clinical trial Asian subpopulation, without reliance on surrogate biomarkers. More commonly, diabetes models assume a cluster of major CV risk factors (e.g. high glycated haemoglobin, elevated blood pressure) and predispose determinants to predict CV risk in T2D. Treatment effects are then represented as changes in these surrogate markers with a set of risk equations, as in the UKPDS regression model \[[@CR18]\], which is then used to predict treatment effect on CV events. This approach, however, is not adequate for an analysis of CV event risk based on the CARMELINA data, since calculations based on surrogate markers and UKPDS equations will not be able to capture the change in CV event rates observed in the CARMELINA clinical trial.

In Japan, the reference value of ICER for drug price adjustment has been set at 5 million yen \[[@CR15]\]. As the probability that the ICER was below the threshold was 89% when the ICER threshold was assumed to be 5 million yen/QALY, the cost-effectiveness analysis of linagliptin in this analysis was considered to be appropriate even though it was based on a noninferiority study.

As shown in the scatter plot of the probabilistic sensitivity analysis, the probability for the gained QALYs to be a negative value was 9%, the probability of reduced costs and increased effectiveness (dominant) was 48% and the probability of increased costs and increased effectiveness was 43%. If the increased drug cost of linagliptin was excluded, the probability of increased costs was 41%; this is consistent with the results of noninferiority for the primary endpoint in both the overall population and the Asian subpopulation of the CARMELINA study \[[@CR7], [@CR8]\].

Previous reports have commented on the challenges of economic evaluations based on noninferiority trials and the uncertainty around the ICER \[[@CR19]\]. The one-way sensitivity analysis conducted in this study showed that the HR for renal failure of linagliptin plus SoC compared with SoC had the greatest effect on the ICER, ranging from − 4,562,459 yen to 6,314,490 yen.

Taken together, the data suggest that the point estimates of each effectiveness parameter in this analysis were "favourable" using a noninferiority study; furthermore, in the probabilistic sensitivity analysis including overall parameters, the cost-effectiveness tended to appear favourable as a whole. However, as noted, the ICER range may fluctuate considerably in one-way sensitivity analyses; hence, the favourable cost-effectiveness outcome from this study should be interpreted with caution.

On the basis of the results of the group receiving SoC, this study showed that the treatment of renal failure makes a large contribution to the estimated medical costs when patients with T2D with a high CV and renal risk receive SoC. From a health economics perspective, it is significant that the current analysis revealed high medical costs for renal failure in patients with T2D in Japan, given that Japanese patients with T2D are more susceptible to diabetic nephropathy leading to end-stage renal failure compared with Caucasian patients \[[@CR20], [@CR21]\].

This study has some limitations that must be considered when interpreting the results. First, data from the assessment of the QoL of patients with diabetes in the USA, based on a European QoL measurement scale (the EQ-5D) \[[@CR13]\], were used as utility scores, which were not assessed in Japan. Second, the data used to estimate the effect of medical history on the risk of a subsequent related CV and kidney event were obtained from another study analysing the cost-effectiveness for patients with a high CV risk, directly based on Asian CV outcome data \[[@CR12]\]. As the study population in this previous cost-effectiveness publication was different from that of the CARMELINA study, the validity of the extrapolated data is limited. However, the extrapolation was attempted in order to estimate lifetime outcome after the follow-up period of the CARMELINA study, to assess the effects of increased event risk due to medical history on the analysis results. Third, for the patient population used in this analysis, the results were based on the data of those self-identifying as Asians in the CARMELINA study \[[@CR7], [@CR8]\] and were not obtained exclusively from Japanese patients. The patient population also included patients with relatively advanced diabetes with a high CV and renal risk; thus, the results may not be generalisable to the wider Japanese population with T2D. Finally, the CARMELINA trial demonstrated a noninferior risk of a composite CV and renal outcome; however, the Asian subpopulation was a subgroup analysis and the sample size was not powered to detect statistical significance for the effect on each endpoint.

As with other cost-effectiveness analyses, short-term clinical trial data (with a follow-up of approx. 2.2 years) were used to make lifetime outcomes, which assumes that the risks of clinical events remain constant beyond the trial length. However, in the absence of long-term clinical follow-up data, simulation modelling is an efficient tool to forecast long-term clinical outcomes and costs of healthcare strategies. To minimise any uncertainty in long-term estimates, sensitivity and scenario analyses were performed. However, the cost-effectiveness of linagliptin should be analysed further with a longer observation period and a broader range of patients with T2D.

Conclusions {#Sec16}
===========

This was a cost-effectiveness analysis of linagliptin plus SoC in patients with T2D using data from the Asian subpopulation of the CARMELINA trial to calculate direct medical costs for diabetes and related CV and kidney events in Japan. The base case analysis showed that treatment with linagliptin plus SoC was dominant compared with SoC using the point estimates of each parameter; however, the ICER of each parameter in the one-way sensitivity analyses varied greatly and the probabilistic sensitivity analysis plot indicated a wide spread. Thus, the cost-effectiveness of linagliptin may be cautiously concluded to be favourable. However, additional analyses, which may include evaluation of real-world evidence, using a broader range of patient data over a longer duration, are still warranted.
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